Direct rAAV SOX9 administration for durable articular cartilage repair with delayed terminal differentiation and hypertrophy in vivo.
Direct gene transfer strategies are of promising value to treat articular cartilage defects. Here, we tested the ability of a recombinant adeno-associated virus (rAAV) SOX9 vector to enhance the repair of cartilage lesions in vivo. The candidate construct was provided to osteochondral defects in rabbit knee joints vis-à-vis control (lacZ) vector treatment and to cells relevant of the repair tissue (mesenchymal stem cells, chondrocytes). Efficient, long-term transgene expression was noted within the lesions (up to 16 weeks) and in cells in vitro (21 days). Administration of the SOX9 vector was capable of stimulating the biological activities in vitro and over time in vivo. SOX9 treatment in vivo was well tolerated, leading to improved cartilage repair processes with enhanced production of major matrix components. Remarkably, application of rAAV SOX9 delayed premature terminal differentiation and hypertrophy in the newly formed cartilage, possible due to contrasting effects of SOX9 on RUNX2 and β-catenin osteogenic expression in this area. Most strikingly, SOX9 treatment improved the reconstitution of the subchondral bone in the defects, possibly due to an increase in RUNX2 expression in this location. These findings show the potential of direct rAAV gene delivery as an efficient tool to treat cartilage lesions.